Differences in food consumption among body-weight statuses (e.g., higher fruit intake 25 linked with lower body mass index (BMI) and energy-dense products with higher BMI) has 26 raised the question of why people who are overweight or are at risk of becoming overweight eat 27 differently from thinner people. One explanation, in terms of sensitivity to affective properties of 28 food, suggests that palatability-driven consumption is likely to be an important contributor to 29 food intake, and therefore body weight. Extending this approach to unpalatable tastes, we 30 examined the relationship between aversive reactions to foods and BMI. We hypothesized that 31 people who have a high BMI will show more negative affective reactions to bitter-tasting 32 stimuli, even after controlling for sensory perception differences. Given that hedonic reactions 33 may influence consumption even without conscious feelings of pleasure/displeasure, the facial 34 expressions were included in order to provide more direct access to affective systems than 35 subjective reports. Forty adults (28 females, 12 males) participated voluntarily. Their ages 36 ranged from 18 to 46 years (M=24.2, SD=5.8). On the basis of BMI, participants were classified 37 as low BMI (BMI<20; n=20) and high BMI (BMI>23; n=20). The mean BMI was 19.1 for low 38 BMI (SD=0.7) and 25.2 for high BMI participants (SD=1.8). Each subject tasted 5 ml of a 39 grapefruit juice drink and a bitter chocolate drink. Subjects rated the drinks' hedonic and 40 incentive value, familiarity and bitter intensity immediately after each stimulus presentation. The 41 results indicated that high BMI participants reacted to bitter stimuli showing more profound 42 changes from baseline in neutral and disgust facial expressions compared with low BMI. No 43 differences between groups were detected for the subjective pleasantness and familiarity. The 44 3 research here is the first to examine how affective facial reactions to bitter food, apart from taste 45 responsiveness, can predict differences in BMI. 46 47
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Berridge, 2000). This way of assessing responses to food, beyond self-report measures alone, 139 was hoped to obtain a more exact evaluation of the relationship between the aversive reactions 140 and BMI, given that objective measures of liking reactions may sometimes provide more direct 141 access to hedonic systems than subjective reports (Berridge, Robinson & Aldridge, 2009). In 142 addition, it should be noted that many studies investigating taste preferences have found no 143 hedonic differences as a function of body weight (for review, cf. Bartoshuk, Duffy, Hayes, 144 Moskowitz & Snyder, 2006), the methods used to compare sensory and affective experiences 145 across groups being one possible explanation for these conflicting results. Concretely, 146 psychophysical errors derived from subjective measures (e.g., visual analogue or category scales) 147 have been suggested as a factor masking the relationship between orohedonic response and 148 obesity (Bartoshuk et al., 2006) . Moreover, unlike facial patterns, self-ratings might not represent 149 accurate measures of pleasure/displeasure, because they may often conflate affective and 150 motivational (i.e., desire to eat) components of food and be too overlaid with cognitions to pick 151 up underlying core differences in food liking (Mela, 2001) . In this sense, the present study 152 additionally sought to extend prior findings (e.g., Danner, Sidorkina, Joechl & Duerrschmid, 153 2013) on the contribution of facial expressions to sensory evaluation and affective testing of 154 bitter food; as well as explore the validity of hedonic self-report measures as assessment 155 instruments of the affective experience when they are employed with bitter tastes. Their ages ranged from 18 to 46 years (M = 24.2, SD = 5.8). Participants were asked to report 162 their height and weight. On the basis of their BMI, two groups were formed: low BMI, 163 consisting of lean subjects (BMI < 20; n = 20); and high BMI, encompassing participants that 164 were at risk of becoming overweight and overweight (BMI > 23; n = 20). The BMI values of 20 165 and 23 corresponded to percentile 40 and 60 respectively of the reference sample and were 166 deliberately selected in these ranges in order to establish a clear separation between BMI groups. 167 The mean BMI was 19.1 for low BMI (SD = 0.7) and 25.2 for high BMI participants (SD = 1.8), 168 being statistically different (p < .05). Exclusion criteria were aversions, smoking (more than 5 169 cigarettes per week; Sato, Endo & Tomita, 2002), illnesses, a history of eating disorders, diabetes 170 and allergy for the foods offered. Specially, participants who described themselves as being on 171 weight-loss diets or actively losing weight were excluded; this factor might be associated to bias 172 in reporting of sensory and affective perceptions of stimuli or influence the relationship between 173 bitter responsiveness and body weight (Tepper & Ullrich, 2002) . Subjects were contacted by e-174 mail and asked to participate in a research study investigating preferences for bitter foods. The Cargill Agricola S.A., Brazil) and grapefruit juice, which were selected by their different bitter 183 compounds. The energy density was 28.9 and 0.4 kcal/g for the chocolate and the grapefruit, Henderson & Shore, 1997a). All solutions were prepared in distilled water ≥ 1 day before testing. Self-report measures of food attributes 229 Hedonic value (i.e., subjective pleasure) was rated on a 9-point hedonic scale with 230 opposing extremes of liking from 1 (dislike extremely) to 9 (like extremely), and with a neutral 231 point at 5 (neither like nor dislike), by answering the following question: "How pleasant is this 232 food now in your mouth?" In addition, given the importance of incentive value (i.e., desire to 233 eat) and familiarity (i.e., knowledge of and experience with the taste of stimuli) to the people's 234 daily food and beverage choices, these attributes were examined as well. To account for this, 235 subjects rated the incentive value and familiarity of each food stimulus using 9-point category 236 scales, where 1 was "not at all" and 9 was "extremely". The questions were as follows: ''How 237 much do you want to eat this food?'' and "How familiar are you with this food?" respectively. Wageningen, The Netherlands) and processed frame-by-frame at 50 Hz, scaling the facial 253 expressions from 0 (not present at all) to 1 (maximum intensity of the fitted model).
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Approximately 85% of the video frames were analyzable by the software. This software 255 distinguished between seven facial reaction patterns or expressions (happy, sad, angry, surprised, 256 scared, disgusted and neutral) using the Active Appearance Modelling (cf. van Kuilenburg,
257
Wiering & den Uyl, 2005). In order to standardize the measurements and to compare the facial 258 expressions (of different duration and latency), the ten seconds before and after tasting the food 259 stimuli were taken for analysis. The facial analysis before tasting served as baseline. The 260 intensity of each facial expression was calculated by subtracting the average intensity of the 261 baseline period from the average intensity after tasting. tasting stage, subjects received 5 ml of a grapefruit juice drink and a bitter chocolate drink in 10-276 ml plastic cups in counterbalanced order. There was a period of 120 seconds between the 277 presentation of one sample and the presentation of the next sample. They took each sample into 278 the mouth and tasted it using whole mouth tasting, but were instructed not to swallow the 279 solutions (sip-and-spit technique). Subjects were told to rinse with mineral water (presented in 280 120-ml thermal cups) before each food sample. PROP solutions and mineral water were offered 281 at room temperature. The experimenter was not visible to the subjects. Spearman's correlations were used, when appropriated, to assess associations among taste 300 responsiveness, hedonic ratings or facial expressions and BMI status and between hedonic 301 ratings and facial expressions. Regression models were calculated to predict BMI using intensity 302 of the disgust facial expression and to predict the facial expression intensity using hedonic self-303 report.
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Results
306
Eating behaviour questionnaires and caloric intake 307 The mean values of the eating behaviour questionnaires and the caloric intake are shown 308 in Bitter taste responsiveness and time-intensity measurements 315 The sum of bitter ratings for the three PROP solutions was used to assess the PROP taster .001, η 2 = .65), reflecting higher pleasure ratings for the grapefruit (rating = 6.3) that for the 358 chocolate (rating = 2.8; which perceived as strongly unpleasant). Although foods' hedonic scores 359 of high BMI were smaller than those of low BMI (4.1 vs. 4.9) and inspection of data revealed 360 that 70% of the low BMI compared with scarcely 40% of the high BMI subjects evaluated 361 grapefruit with values 7-9 on the hedonic scale or 65% of the low BMI compared with 80% of 362 the high BMI participants evaluated chocolate with values 1-3, there was no significant effect of 363 BMI or their interaction with Food (largest F [1, 38] = 3.00, p = .91). Additionally, the question 364 of whether BMI could be related to hedonic ratings was examined. Results of the analysis 365 showed that BMI was not associated with hedonic scores for chocolate (r = -.077, p = .64) or 366 grapefruit (r = -.157, p = .33).
Incentive ratings varied significantly between foods (F [1, 38] = 72.59, p < .001, η 2 = .66) 368 and BMI groups (F [1, 38] = 7.83, p < 0.01, η 2 = .17), but there was no a significant BMI x Food 369 interaction (F [1, 38] = 1.96, p = .17). These effects revealed that low BMI wanted to drink more 370 bitter foods (rating = 4.9) than high BMI (rating = 3.5), and that the desire to eat was higher for 371 the grapefruit (rating = 5.9) than chocolate (rating = 2.5). Familiarity varied between the food 372 solutions (F [1, 38] = 11.78, p = .001, η 2 = .24). There were no significant main effect of BMI or 373 their interaction with Food (largest F [1, 38] = 2.56, p = .12), indicating that the grapefruit 374 solution was rated as more familiar that the chocolate. Familiarity ratings for the both food 375 solutions were in the moderate-to-high range (ratings > 7.5). Regarding the BMI effect, the results showed that the bitter foods elicited significantly 390 more intense reactions of "disgusted" and strongest reduction of "neutral" in high BMI than in 391 low BMI. As an additional check for the possibility that sensory but not affective responsiveness 392 to bitter taste might have contributed to the observed between-group differences on facial 393 expressions, two-way analyses of covariance (BMI x Food) were performed on both "disgusted" 394 and "neutral" expressions using as covariate the overall bitterness perception (AUC) for the 395 0.010 mmol/L PROP concentration (that was significantly different across BMI groups in 396 previous analyses). The results showed that the ANCOVA and ANOVA produced similar the high BMI than in the low BMI condition. Furthermore, the disgust intensity response to 428 strong bitter (chocolate) was positively related to BMI, though the percent of variance explained 429 was very low (≈ 10%). To our knowledge, this is the first study which has revealed a link 430 between aversive patterns of taste reactivity and weight status. Partial support was also obtained 431 by hedonic ratings, which showed a trend toward lower preference scores for bitter foods in high 432 BMI; but failed to provide significant differences between BMI groups. Although the reasons for 433 this difference are unclear, some possibilities may be suggested (see below). 434 One interpretation is that these different aversive reactions were related to an enhanced 435 perception of bitter intensity in the high BMI compared with the low BMI participants. If we 436 20 consider that overweight individuals had a heightened acuity for bitterness, it should not be 437 surprising that they reflected increased dislikes for bitter-tasting foods (Drewnowski, Henderson 438 & Shore, 1997b) and therefore a higher facial reactivity compared with their normal weight 439 counterparts. It is well established that functional or structural differences (e.g., number of taste 440 buds and density of taste buds per papilla) in the gustatory system may affect taste preferences concentrations also did not differ between the BMI groups, except for a slight variation in the 453 AUC of the low PROP concentration (0.010 mmol/L) which was higher in high BMI. Even so, 454 after treating this parameter as a confounding factor and covariant, the observed differences in 455 disgust and neutral facial reactions between the groups remained at least marginally significant. 456 Therefore, the greater reactivity to affective component of taste in high BMI could not be 457 attributed to differences in bitterness intensity alone. with their hedonic ratings of these same solutions were found. This is a level generally 519 considered acceptable, though we cannot rule out the fact that the nine-point hedonic scale 520 measured other aspects, not only pleasure/displeasure, but also intensity of sensation, social 521 desirability or cognitions regarding bitter foods. It can be seen that this potential bias might have 522 blunted the differences on hedonic ratings between high and low BMI. Some other explanations 523 of the failure of hedonic self-reports to provide significant BMI group differences can be 524 suggested. For example that the relatively small sample size limited the ability to detect an 525 effect; that the 9-point hedonic scales provided invalid group comparisons for bitterness because 526 of psychophysical errors (assuming erroneously that intensity perception is the same for subjects 527 24 in different BMI groups; as pointed out by Bartoshuk et al., 2006, for sweet taste in the obese vs. 528 non-obese). Further studies are needed to confirm these possibilities. In addition, it is worth 529 considering that these potential sources of error were not sufficient to make BMI differences in 530 incentive motivation disappear, reporting that low BMI participants showed a stronger desire to 531 eat the bitter stimuli than high BMI participants. It would seem that the question "How much do 532 you want to eat this food?" is more sensitive than "How pleasant is this food now in your 533 mouth?" for measuring differences between conditions.
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Several limitations of this study should also be discussed. First, our study tested bitter 535 perception with time-intensity methodology, a tool for fundamental research on bitterness (cf. 
546
(2013), it is also important to recognize that motor artefacts caused by drinking could be 547 misinterpreted by the FaceReader as expression. In order to minimize artefacts, liquid samples 548 which need less processing in the mouth were used.
549
In summary, although BMI is a complex variable for which aversive reactions explain 550 only a small portion, hedonic (appetitive or aversive) over-responding may be one factor 551 contributing to the susceptibility to weight gain also through avoidance of health-promoting 552 food. Additional research is therefore needed to examine affective mechanisms that control 553 dietary selection and food consumption, given the increasing incidence of obesity. 
